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1
SHARING A FILE SYSTEM BETWEEN
MULTIPLE OPERATING SYSTEMS

BACKGROUND

1. Field

The subject matter disclosed herein relates to computer
file systems management and more particularly relates to
sharing a file system between multiple operating systems.

2. Description of the Related Art

File systems for computing devices are used in virtually
every industry. A computing device may directly access a
file system using a local interface. The computing device
may share the file system to many other computing devices
through a network interface. A network interface to a file
system may be slower than a local interface to the file
system. Furthermore, computing devices accessing a file
system through a network interface must rely on the oper-
ability of the serving computing device in order to access the
file system.

BRIEF SUMMARY

An apparatus for sharing a file system between multiple
operating systems is disclosed. The apparatus includes a
processor and a memory that stores code executable by the
processor. In one embodiment, the code determines an
altered need for a file system that is shared on one of two or
more operating systems concurrently operating on a com-
puting device, and changes a local interface for the file
system to one of the two or more operating systems based on
the altered need. A method and computer program product
also perform the functions of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

A more particular description of the embodiments briefly
described above will be rendered by reference to specific
embodiments that are illustrated in the appended drawings.
Understanding that these drawings depict only some
embodiments and are not therefore to be considered to be
limiting of scope, the embodiments will be described and
explained with additional specificity and detail through the
use of the accompanying drawings, in which:

FIG. 1 is a schematic block diagram illustrating one
embodiment of an apparatus for sharing a file system
between multiple operating systems;

FIG. 2 is a schematic block diagram illustrating one
embodiment of an apparatus for sharing a file system
between multiple operating systems;

FIG. 3 is a schematic block diagram illustrating one
embodiment of an apparatus for sharing a file system
between multiple operating systems;

FIG. 4 is a schematic block diagram illustrating one
embodiment of an apparatus for sharing a file system
between multiple operating systems;

FIG. 5 is a schematic flow chart diagram illustrating one
embodiment of an apparatus for sharing a file system
between multiple operating systems;

FIG. 6 is a schematic flow chart diagram illustrating one
embodiment of a method for sharing a file system between
multiple operating systems;

FIG. 7 is a schematic flow chart diagram illustrating one
embodiment of a method for sharing a file system between
multiple operating systems;
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FIG. 8 is a schematic flow chart diagram illustrating one
embodiment of a method for sharing a file system between
multiple operating systems;

FIG. 9 is a schematic flow chart diagram illustrating one
embodiment of a method for sharing a file system between
multiple operating systems; and

FIG. 10 is an illustration depicting one embodiment of a
system for sharing a file system between multiple operating
systems.

DETAILED DESCRIPTION

As will be appreciated by one skilled in the art, aspects of
the embodiments may be embodied as a system, method or
program product. Accordingly, embodiments may take the
form of an entirely hardware embodiment, an entirely soft-
ware embodiment (including firmware, resident software,
micro-code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “circuit,” “module” or “system.” Furthermore, embodi-
ments may take the form of a program product embodied in
one or more computer readable storage devices storing
machine readable code, computer readable code, and/or
program code, referred hereafter as code. The storage
devices may be tangible, non-transitory, and/or non-trans-
mission.

Many of the functional units described in this specifica-
tion have been labeled as modules, in order to more par-
ticularly emphasize their implementation independence. For
example, a module may be implemented as a hardware
circuit comprising custom VLSI circuits or gate arrays,
off-the-shelf semiconductors such as logic chips, transistors,
or other discrete components. A module may also be imple-
mented in programmable hardware devices such as field
programmable gate arrays, programmable array logic, pro-
grammable logic devices or the like.

Modules may also be implemented in code and/or soft-
ware for execution by various types of processors. An
identified module of code may, for instance, comprise one or
more physical or logical blocks of executable code which
may, for instance, be organized as an object, procedure, or
function. Nevertheless, the executables of an identified
module need not be physically located together, but may
comprise disparate instructions stored in different locations
which, when joined logically together, comprise the module
and achieve the stated purpose for the module.

Indeed, a module of code may be a single instruction, or
many instructions, and may even be distributed over several
different code segments, among different programs, and
across several memory devices. Similarly, operational data
may be identified and illustrated herein within modules, and
may be embodied in any suitable form and organized within
any suitable type of data structure. The operational data may
be collected as a single data set, or may be distributed over
different locations including over different computer read-
able storage devices. Where a module or portions of a
module are implemented in software, the software portions
are stored on one or more computer readable storage
devices.

Any combination of one or more computer readable
medium may be utilized. The computer readable medium
may be a computer readable storage medium. The computer
readable storage medium may be a storage device storing the
code. The storage device may be, for example, but not
limited to, an electronic, magnetic, optical, electromagnetic,



US 9,436,698 B2

3

infrared, holographic, micromechanical, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing.

More specific examples (a non-exhaustive list) of the
storage device would include the following: an electrical
connection having one or more wires, a portable computer
diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), a portable com-
pact disc read-only memory (CD-ROM), an optical storage
device, a magnetic storage device, or any suitable combi-
nation of the foregoing. In the context of this document, a
computer readable storage medium may be any tangible
medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus,
or device.

Code for carrying out operations for embodiments may be
written in any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Java, Smalltalk, C++ or the like and conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The code may execute entirely on the user’s computer, partly
on the user’s computer, as a stand-alone software package,
partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider).

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment. Thus, appearances of the phrases “in one
embodiment,” “in an embodiment,” and similar language
throughout this specification may, but do not necessarily, all
refer to the same embodiment, but mean “one or more but
not all embodiments” unless expressly specified otherwise.
The terms “including,” “comprising,” “having,” and varia-
tions thereof mean “including but not limited to,” unless
expressly specified otherwise. An enumerated listing of
items does not imply that any or all of the items are mutually
exclusive, unless expressly specified otherwise. The terms
“a,” “an,” and “the” also refer to “one or more” unless
expressly specified otherwise.

Furthermore, the described features, structures, or char-
acteristics of the embodiments may be combined in any
suitable manner. In the following description, numerous
specific details are provided, such as examples of program-
ming, software modules, user selections, network transac-
tions, database queries, database structures, hardware mod-
ules, hardware circuits, hardware chips, etc., to provide a
thorough understanding of embodiments. One skilled in the
relevant art will recognize, however, that embodiments may
be practiced without one or more of the specific details, or
with other methods, components, materials, and so forth. In
other instances, well-known structures, materials, or opera-
tions are not shown or described in detail to avoid obscuring
aspects of an embodiment.

Aspects of the embodiments are described below with
reference to schematic flowchart diagrams and/or schematic
block diagrams of methods, apparatuses, systems, and pro-
gram products according to embodiments. It will be under-
stood that each block of the schematic flowchart diagrams
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and/or schematic block diagrams, and combinations of
blocks in the schematic flowchart diagrams and/or schematic
block diagrams, can be implemented by code. These code
may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable
data processing apparatus to produce a machine, such that
the instructions, which execute via the processor of the
computer or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the schematic flowchart diagrams and/or schematic block
diagrams block or blocks.

The code may also be stored in a storage device that can
direct a computer, other programmable data processing
apparatus, or other devices to function in a particular man-
ner, such that the instructions stored in the storage device
produce an article of manufacture including instructions
which implement the function/act specified in the schematic
flowchart diagrams and/or schematic block diagrams block
or blocks.

The code may also be loaded onto a computer, other
programmable data processing apparatus, or other devices to
cause a series of operational steps to be performed on the
computer, other programmable apparatus or other devices to
produce a computer implemented process such that the code
which execute on the computer or other programmable
apparatus provide processes for implementing the functions/
acts specified in the flowchart and/or block diagram block or
blocks.

The schematic flowchart diagrams and/or schematic block
diagrams in the Figures illustrate the architecture, function-
ality, and operation of possible implementations of appara-
tuses, systems, methods and program products according to
various embodiments. In this regard, each block in the
schematic flowchart diagrams and/or schematic block dia-
grams may represent a module, segment, or portion of code,
which comprises one or more executable instructions of the
code for implementing the specified logical function(s).

It should also be noted that, in some alternative imple-
mentations, the functions noted in the block may occur out
of the order noted in the Figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality
involved. Other steps and methods may be conceived that
are equivalent in function, logic, or effect to one or more
blocks, or portions thereof, of the illustrated Figures.

Although various arrow types and line types may be
employed in the flowchart and/or block diagrams, they are
understood not to limit the scope of the corresponding
embodiments. Indeed, some arrows or other connectors may
be used to indicate only the logical flow of the depicted
embodiment. For instance, an arrow may indicate a waiting
or monitoring period of unspecified duration between enu-
merated steps of the depicted embodiment. It will also be
noted that each block of the block diagrams and/or flowchart
diagrams, and combinations of blocks in the block diagrams
and/or flowchart diagrams, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and code.

The description of elements in each figure may refer to
elements of proceeding figures. Like numbers refer to like
elements in all figures, including alternate embodiments of
like elements.

FIG. 1 is a schematic block diagram illustrating one
embodiment of an apparatus for sharing a file system
between multiple operating systems. In one embodiment, the
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apparatus includes a processor, a memory that stores code
executable by the processor. In one embodiment, the code
includes a file system module that shares a file system from
a first operating system to a second operating system, the
first and second operating systems operating concurrently on
a computing device, a detection module that determines an
altered need for the file system on the second operating
system, and an interface module that changes a file system
interface of the second operating system based on the altered
need.

In one embodiment, two operating systems may concur-
rently operating on a computing device based on the two
operating systems both being in an active power state. The
two operating systems may have been booted, initialized, or
the like. In another embodiment, one of the two operating
systems may be in an active power state, and another of the
two operating systems may have transitioned into a sleep
mode state. Nevertheless, although one of the two operating
systems may be sleeping, hibernating, suspended, or the
like, because the operating system may have been booted or
initialized the operating systems may be concurrently oper-
ating. In one example, an operating system may be sleeping,
but waiting for a wake-up signal. Therefore, although an
operating system may be in a sleep mode power state, it may
still be operating.

In one embodiment, the apparatus includes a file system
module 120. The file system module 120 may be configured
to manage a file system. In one embodiment, the file system
module 120 may provide a local interface to the file system
to a computing device.

In another embodiment, the file system module 120 may
be configured to provide a network interface to the file
system. For example, the file system may be local to a first
computing device, and the file system module 120 may share
the local file system over a network to another computing
device. Therefore, in certain embodiments, the file system
may be accessed by a local computing device through a local
interface, and many remote computing devices communi-
cating through a network interface.

The file system may include a wide variety of different file
system technologies, formats, structures, or the like. For
example, the file system may include, but is not limited to,
FAT, FAT12, FAT16, FAT32, exFAT, NTFS, HPS, HPS+,
HPES, UFS, ext2, ext3, ext4, XFS, btrfs, ISO 9660, Files-11,
Veritas File System, VMFS, ZFS, ReiserF'S, UDE, or other,
or the like. The file system may be used to store computer
readable information on a hard drive, a flash drive, a
compact disc, a memory device, a RAM disk, or the like. On
skilled in the art may recognize many other ways computer
readable data may be stored on a storage medium and this
disclosure is not limited in this regard.

In one example, a first operating system may communi-
cate with the file system through a local interface. The first
operating system may include a network server to make the
file system available through a network interface. A second
operating system may include a network client to access the
file system through the network server interface. Therefore,
in one example, the first operating system and the second
operating system may concurrently communicate with the
file system. In another embodiment, there may be many
other operating systems that communicate with the file
system through a network client.

In this example, one drawback is that the second operating
systems must rely on the first operating system to access the
file system. For example, if the first operating system
because busy processing other tasks, the network access to
the file system may slow down. In another example, if the
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6

first operating system powers down, the second operating
system may no longer access the file system.

This drawback may be addressed by including a local
interface to many operating systems. The operating systems
would share the local interface as needed or as requested.
For example, a first operating system may include a local
interface to the file system, and a second operating system
may include a network interface to the file system. The
second operating system may request local access to the file
system. The first operating system may shut down the
network interface and relinquish control of the local inter-
face. The second operating system may then acquire control
of the local interface to perform tasks, or similar, or the like.
Therefore, in certain embodiments, the file system module
120 may share a local interface to many operating systems
based on requests from operating systems to access the file
system.

In one embodiment, operating systems desiring to access
the file system may include executable code to communicate
locally with the file system. Furthermore, operating systems
may also include executable code to communicate with the
file system over a network connection. Because each oper-
ating system may be able to communicate with the file
system either locally, or over a network, the file system
module may be capable of switching interfaces from a
network interface to a local interface, or from a local
interface to a network interface.

In one example, a first operating system may include a
local interface to the file system. The first operating system,
in certain embodiment, may share the file system via net-
work service. A second operating system may connected to
the network service using a network client in order to
communicate with the file system through a network inter-
face.

In one example, the first operating system may request to
be powered down. In response, the file system module 120
may indicate to the second operating system to close the
network client, may indicate to the first operating system to
close the network server, and may indicate to the first
operating system to close the local interface to the local file
system. Before closing the network client, the second oper-
ating system may complete pending operations and may
sync with the file system. The second operating system may
then initialize a local interface to the file system. In this way,
a second operating system may still access the file system
without requiring the first operating system.

In other embodiments, many other operating systems, or
computing devices may have connected to the network
service of the first operating system. The file system module
120 may indicate to all other operating systems to close their
respective interfaces to the network share of the first oper-
ating system. In response to switching the local interface
from the first operating system to the second operating
system, the second operating system may also initiate a
network service to share access to the file system. Further-
more, the file system module 120 may indicate to the other
operating system to connect to the second operating system
to restore their network connections to the file system.

Regarding a local interface to a file system, this disclosure
is meant to include all ways or means to physically connect
a computing device to a storage device. Connection tech-
nologies include, but are not limited to, bit serial interfaces
and word serial interfaces. Bit serial interfaces may include
ST506, ST412, Enhanced Small Disk Interface, Fibre Chan-
nel, Serial ATA (SATA), Serial Attached SCSI (SAS), or
other, or the like. A SATA interface may use RS485, Local-
Talk, USB, Firewire, differential SCSI, or the like. Of
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course, one skilled in the art may appreciate other ways to
locally interface to a file system and this disclosure is not
limited in this regard.

In one embodiment, a computing device may include a
mechanical switch between the file system and two or more
operating systems. The file system module 120 may switch
the mechanical switch in order to disconnect one operating
system from the local file system, and connect another
operating system to the local file system. In one example, the
mechanical switch may include one input port and two
output ports. The file system module 120 may switch to
connect one of the output ports to the input port. Of course,
one skilled in the art may appreciate other ways to manipu-
late a local connection between multiple operating systems
and this disclosure is not limited in this regard.

In another embodiment, a computing device may include
other hardware switches connecting controllers for various
operating systems in order to enable local access to the file
system to one of the operating systems. In another embodi-
ment, an operating system may communicate via a bus
architecture that may allow one or more masters. For
example, two operating systems may communicate via a bus
architecture that physically connects the file system to two
or more controllers. In this example, the file system module
120 may indicate which operating system may control the
bus in order to access the file system locally. In this example,
the indicated operating system may control the physical
connection to the file system, while another operating sys-
tem that communicate via the bus may access the file system
through the operating system with the physical connection.

Regarding a network interface, this disclosure is meant to
include all ways or means to connect a computing device to
a file system over a network. For example, the Mac Oper-
ating System may share a file system using an Apple Filing
Protocol. Transport protocols may include TCP, UDT,
AppleTalk, or the like. In another example, a Unix like
operating system may share a file system using a network
file system (NFS). The transport protocol for NFS may
include TCP or UDP. In another example, a Microsoft
Operating System, such as Windows, may share a file
system over SMB, or CIFS. A transport protocol for SMB or
CIFS may include TCP, NBT, UDP, NBF, NetBIOS, or the
like. In another example, a Novell Netware server may share
a file system using NCP or SAP, using an SPX, or an IPX
transport protocol. Of course, one skilled in the art may
appreciate other ways to share a file system over a network
and this disclosure is not limited in this regard. A file system
module 120 may change, alter, adjust, terminate, stop, start,
restart, or initiate network services on a computing device to
share the file system to other computing devices on a
network. A network may include a local area network, a
wide area network, an Internet, or any other kind of network,
or the like.

In one embodiment, the apparatus includes a detection
module 140. The detection module 140. In one embodiment,
the detection module may determine an altered need for the
file system on one of the two or more operating systems.

In one embodiment, the detection module 140 may deter-
mine an altered need based on an operating system perform-
ing an increased number of operations on the file system. For
example, an operating system may perform an increased
number of write operations to the file system. In another
example, an operating system may perform an increased
number of read operations on the file system. Therefore, in
certain embodiments, an operating system may request

10

15

20

25

30

35

40

45

50

55

60

8

increased input or output to the file system and the detection
module 140 may determine the altered need based on the
increased input or output.

In another embodiment, the detection module 140 may
determine an altered need based on an operating system
sleeping, hibernating, powering down, or the like. In one
example, an operating system may include a local interface
to a file system and another operating system may commu-
nicate with the file system through a network interface. In
response to the operating system powering down, the detec-
tion module 140 may determine that the other operating
system still needs to access the file system. Because the file
system will no longer be available after the serving operat-
ing system powers down, the detection module 140 may
determine an altered need based on the other operating
system needing another interface to the file system.

In certain embodiments, the detection module 140 may
determine an altered need based on use of the file system
exceeding a use threshold value. For example, a threshold
value may include a Megabytes per second input or output
to or from the file system. For example, a threshold value
may be 5 megabytes, and the detection module 140 may
determine that an altered need based on an operating system
exceeding the threshold value for a threshold period of time.
For example, if the operating system reads or writes to or
from the file system at a rate that exceeds 5 megabytes per
sec (the threshold value) for more than 5 seconds (the
threshold period of time), the detection module 140 may
determine an altered need. Of course one skilled in the art
may recognize other threshold values based, at least in part,
on historical use of the file system, capabilities of the file
system, or the like.

In one embodiment, the apparatus includes an interface
module 160 that changes a file system interface of an
operating system based on the altered need. In one example,
a first operating system may include a local interface and
may share the file system to a second operating system over
a network. In response to the detection module 140 deter-
mining an altered need for the file system, wherein the
altered need includes the first operating system requesting a
decreased number of operations for the file system and the
second operating system requesting an increased number of
operations for the file system, the interface module 160 may
indicate to the file system module 120 to switch the inter-
faces.

For example, the file system module 120 may command
the first operating system to close the network interfaces,
and to close the local interface. The interface module 160
may then command the second operating system to initiate
a local interface to the file system and then share the file
system over a network. The interface module 160 may then
command the first operating system to initiate a network
connection to the share of the first operating system.

Therefore, in certain embodiments, the interface module
160 may switch a local interface to the file system to an
operating system that requires more access, and switch a
network interface to an operating system that requires less
access to the file system. In another embodiment, the inter-
face module 160 may move a local interface away from an
operating system that requires minimal access to the file
system.

In one example, less access may include a user editing a
few documents via the operating system. In another
example, minimal access may include a user not editing any
files on the file system. In another example, minimal access
may include a user browsing the Internet using the operating
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system. In these examples, the operating system may not
write many files or read many files to the file system.

In another example, more access may include a user
compiling an application on the operating system. Compil-
ing an application on an operating system may read and
write many files to the file system. In another example, more
access may include copying a large directory of files from
the file system, or copying a large directory of files to the file
system. In another example, more access may include
streaming a video from the file system. In another example,
more access may include processing a database on the file
system. Of course, one skilled in the art may recognize other
scenarios where increased access to the file system may be
requested.

FIG. 2 is a schematic block diagram illustrating one
embodiment of an apparatus 200 for sharing a file system
between multiple operating systems. In one embodiment, the
apparatus 200 may include the file system module 120, the
detection module 140, the interface module 160, a power
state module 220, a demand module 240, an operations
module 260, and an error module 280.

In one embodiment, the apparatus includes the power
state module 220 that monitors power states for one or more
operating systems. In another embodiment, the detection
module 140 may determining the altered need based on a
power state change for an operating system.

A power state as described herein may include, but is not
limited to, a computing device in a sleep mode, a computing
device in a hibernation mode, a computing device in a
suspended mode, a computing device being active, or the
like. An active power state may include a computing device
wherein the operating system may be currently executing
executable code. A sleep mode power state may include a
hibernation power state, a suspended power state, or other,
or the like. In certain embodiments, a power state change
may include a computing device transitioning from one
power state to another power state. For example, a comput-
ing device may transition from an active power state to a
sleep mode power state as one skilled in the art may
appreciate.

In one embodiment, the power state module 220 may
monitor power states of a computing device, or an operating
system as previously described regarding the file system
module 120. The power state module 220 may monitor
power states such as, but not limited to, powering off,
powering on, sleeping, hibernating, suspending, failing,
losing power, failing to respond, or the like. A detection
module 140 may determine a reduced need for a file system
in response to an operating system powering down. A
detection module may determine an increased need for the
file system in response to an operating system powering up.
A detection module 140 may determine a reduced need for
a file system in response to an operating system going to
sleep, hibernating, suspending, or the like.

In one embodiment, the apparatus 200 includes the
demand module 240 that measures a demand for the file
system, the detection module determining the altered need
based on the demand. In one embodiment, the demand
module 240 may determine an altered need for the file
system based on an increase in read operations for the file
system. For example, the demand module 240 may measure
a data throughput through an interface for the file system.
The data throughput may be based on read operations, write
operations, or other operations. The demand module 240, in
certain embodiments may notify the interface module 160
after measuring an altered demand for the file system.
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In another embodiment, the demand module 240 may
determine an altered need based on the operating system
executing a high demand application. For example, a com-
piling application may demand significant file system
resources. In another example, a movie processing applica-
tion may require significant file system resources. In another
example, a database application may demand significant file
system resources because the database application may read
and/or write to the file system more frequently than other
applications. Of course, many other applications executable
by an operating system may require significant file system
resources as one skilled in the art may appreciate. The
demand module 240 may determine an altered need for the
file system in response to an application being executed on
an operating system.

In one embodiment, the apparatus 200 includes the opera-
tions module 260 that suspends operations for the file system
in response to the interface module changing the file system
interface. In one example, the operations module 260 may
suspend read operations, write operations, or other opera-
tions.

In one embodiment, the operations module 260 may
execute operations in an operations queue, but may suspend
operations not yet in the queue. In one embodiment, the
operations module 260 may suspend operations while the
interface module 160 is changing interfaces as previously
described. The operations module 260 may resume opera-
tions for a file system after the interface module has changed
operating system interfaces.

In certain embodiments, an application executing may
experience delays in operations while an interface module
160 is changing interfaces. For example, an operating sys-
tem may include a local interface to a file system. The
interface module 260 may change interfaces as previously
described, and the operations module 260 may suspend
operations for the operating system, and therefore, the
application. After the operations module 260 suspends
operations, the operating system may close the local inter-
face. After a different operating system initiates a local
interface to the file system and shares the file system to the
operating system, the operating system may initiate a net-
work interface to the file system. After the operating system
initiates a network interface to the file system, the operations
module 260 may resume operations on the file system. In
certain embodiments, the operating system may not detect a
change in the interface to the file system from a local
interface to a network interface.

In one embodiment, the apparatus 200 includes the error
module 280 that monitors the first and second operating
system for errors, the altered need based on the errors. In one
embodiment, an operating system may enter an error state.
For example, an error on an operating system may indicated
a reduced demand for the operating system. For example, an
error with an I/O controller for the operating system may
cause the operating system to fail to communicate with a file
system using a local interface. Therefore, the interface
module 160 may change a local interface to a network
interface based on errors. In another embodiment, the inter-
face module 160 may select another operating system to
initiate a local interface to the file system and to share the file
system to other operating systems via a network connection.

In another embodiment, the error module 280 may moni-
tor an operating system for network errors. In response to
detecting network errors, the error module 280 may com-
mand the interface module 160 to change the network
interface to a local interface.
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FIG. 3 is a schematic block diagram illustrating one
embodiment of an apparatus for sharing a file system
between multiple operating systems. In one embodiment, the
apparatus 300 includes storage 302, the file system module
120, the detection module 140, the interface module 160, an
operating system A 320, and an operating system B 340, and
the demand module 240. The file system module 120 may
manage a file system on the storage 302 as previously
described. The storage 302 may be any storage type cur-
rently available or to be developed and this disclosure is not
limited regarding the type of storage.

In one embodiment, the operating system A 320 may
include a local interface 360 to the file system. In another
embodiment, the operating system B 340 may include a
local interface 362 to the file system. In certain embodi-
ments, local interfaces 360,362 may be enabled or disabled.
For example, in one scenario, operating system A may
include the local interface 360 to the file system and share
the file system over a network connection 364 as previously
described. In this scenario, operating system A may com-
municate with the file system locally, and may share access
to the file system to the operating system B 340 over the
network connection 364.

The demand module 240 may measures a demand for the
file system. In one embodiment, the demand module may
measure a local demand by operating system A, and may
measure a network demand for the file system by operating
system B. The demand module 240 may determine a local
demand for the file system by comparing network demand
for the file system over the network interface 364 with local
demand for the file system through the local interface 360.
Network demand may be subtracted from local demand to
determine a demand for the file system associated with
operating system A 320.

Therefore, in one embodiment, the demand module 240
may compare demands for the file system between operating
system A and operating system B. In response to operating
system B demanding more from the file system than oper-
ating system A, the interface module 160 may switch
interfaces as previously described. The interface module
may disable the local interface 360 for operating system A,
and may enable a local interface 362 for operating system B.
Operating system B 340 may then share access to the file
system to operating system A 320. In this way, both oper-
ating system A 320 and operating system B may access the
file system however, the operating system 320,340 with the
most demand will be granted a local interface. Therefore, the
operating system 320,340 that requires more input or output
to or from the file system will be provided a local interface
to the file system, while the other operating system 320,340
will be provided a network interface to the file system. Of
course, the demand module 240 may monitor a demand for
more operating systems that may be operating on the com-
puting device 310.

FIG. 4 is a schematic block diagram illustrating one
embodiment 400 of an apparatus for sharing a file system
between multiple operating systems 320.340. In one
embodiment, the apparatus 400 includes storage 302, the file
system module 120, the detection module 140, the interface
module 160, an operating system A 320, an operating system
B 340, and the power state module 220.

As previously described regarding the power state module
220, in certain embodiments, an operating system 340 may
alter a state of power for the operating system 340. In one
example, a user may power off the operating system 340. In
response to being powered off, going to sleep, hibernating,
or the like, the operating system 340 may notify the power
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state module 220 of an expected power state change. The
power state module 220 may notify the detection module
140 of a needed change to the interfaces to the file system.
This may ensure that an active operating system always
includes the local interface to the file system.

In another example, the detection module 140 may detect
an altered operating system 340 may be powered on by a
user. In response to being powered on, or the detection
module 140 detecting a new operating system 340, the
detection module 140 may determine an altered need based
on the power state module 220 detecting a new operating
system. The interface module 160 may change a local
interface to the new detected operating system 340.

In another example, the power state module 220 may
notify the detection module 140 in response to the power
state module 220 determining that an operating system 340
has lost power. Although a power state change may not have
been expected, the power state module 220 may detect the
change and notity the detection module 140.

FIG. 5 is a schematic flow chart diagram illustrating one
embodiment of an apparatus for sharing a file system
between multiple operating systems. In one embodiment, the
apparatus 500 may include storage 302, a local interface to
the storage 570, the file system module 120, the detection
module 140, the interface module 160, an operating system
A 320, an operating system B 340, and a display 420.

In certain embodiments, operating system A 320 may
include an independent processor 432, and independent
memory 442. The operating system B 340 may also include
an independent processor 434, and independent memory
444. Independent processors, and independent memory may
mean that the processors are not shared between operating
systems 320,340.

The processors 432,434 may include any and all kinds of
processors for executing operations on the computing device
400 as one skilled in the art may appreciate. Furthermore,
the memory 442,444 may include any and all kinds of
memory for storing data or information by the operating
system 320,340. Therefore, this disclosure is not limited
regarding the processors 432,434 and memory 442.444.
Therefore, in certain embodiments, the operating system A
320, and the operating system B 340 may perform opera-
tions independently, may execute application independently,
and may function independently regardless of which of the
operating systems 320,340 includes a local interface to the
file system.

In one embodiment, the operating system A 320 may
include a local interface 560 to the file system. In another
embodiment, the operating system B 340 may include a
local interface 562 to the file system. In certain embodi-
ments, local interfaces 560,562 may be enabled or disabled.
For example, in one scenario, operating system A 320 may
include the local interface 560 to the file system and share
the file system over a network connection 564 as previously
described. In this scenario, operating system A 320 may
communicate with the file system locally, and may share
access to the file system to the operating system B 340 over
the network connection 564.

In another embodiment, the operating systems 320,340
may include independent interfaces 566,568 to a display
420. In one embodiment, the display 420 may be managed
by the operating system 320,340 with a local interface to the
file system. In another embodiment, the computing device
310 may include a switch for a user to switch the display
between operating system A 320 and operating system B
340. Switching such a switch may enable or disable inter-
faces to the display 420. For example, switching to operating



US 9,436,698 B2

13

system A may enable display interface 566 and may disable
interface 568. In another example, switching to operating
system B 340 may enable display interface 568 and may
disable display interface 566. Therefore, in one embodi-
ment, the interface module 160 may change a local interface
570 to the file system 302 based on the operating system
320,340 that currently displays to the display 420.

FIG. 6 is a schematic flow chart diagram illustrating one
embodiment of a method 600 for sharing a file system
between multiple operating systems. In one embodiment, the
method may begin and a file system module 120 may share
602 a file system. A detection module 140 may determine
604 an altered need for the file system. An interface module
160 may change 606 interfaces to the file system based on
the altered need and the method may end.

FIG. 7 is a schematic flow chart diagram illustrating one
embodiment of a method 700 for sharing a file system
between multiple operating systems. In one embodiment, the
method 700 may begin and a file system module 120 may
share 702 a file system. An operating system with a local
interface to the file system may provide 704 an interface to
another operating system. The detection module 140 may
detect 706 a need for a local interface to the file system. The
detection module 140 may determine 708 an altered need for
the file system. An operations module 260 may suspend 710
operations for the file system. The interface module 160 may
shutdown 712 interface to the file system. The interface
module 160 may change 714 interface to the file system. The
interface module 160 may initialize 716 new interfaces to
the file system and the method may end.

In one example, initializing 716 new interfaces to the file
system may include providing a local interface to the file
system to an operating system, and command the operating
system to share the file system to another operating system.

FIG. 8 is a schematic flow chart diagram illustrating one
embodiment of a method 800 for sharing a file system
between multiple operating systems. In one embodiment, the
method 800 may begin and a file system module 120 may
share 802 a file system. An interface module 160 may
provide 804 interfaces to operating systems. An operating
system may request 806 a local interface to the file system.
The operations module 260 may suspend 808 operations on
the file system. The interface module 160 may shutdown 810
interfaces to the file system. The interface module 160 may
change 812 interfaces to the file system. The file system
module 120 may initialize 814 a local interface to the file
system. An operating system with a local interface to the file
system may initialize 816 a network interface to the file
system, and the method may end.

FIG. 9 is a schematic flow chart diagram illustrating one
embodiment of a method 900 for sharing a file system
between multiple operating systems. In one embodiment, the
method may begin and an operating system A may initialize
902 alocal interface to the file system. The operating system
A may share 904 the file system to operating system B. The
operating system A may notify 906 the detection module 140
that it is going to shut down. The operating system A may
close 908 a network interface to the file system. The
operating system A may close 910 the local interface to the
file system. Operating system B may initialize 912 a local
interface to the file system. Operating system B may then
share 914 the file system to other operating systems and the
method 900 may end.

In other embodiments, as one skilled in the art may
appreciate, many more operating system may share a local
interface to a file system. In one embodiment, an operating
system may close a local interface to the file system, the
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system may disconnect the operating system and physically
connect another operating system to the file system. This
may allow the other file system to initialize the local
interface to the file system.

FIG. 10 is an illustration depicting one embodiment of a
system 1000 for sharing a file system between multiple
operating systems. In one embodiment, the system may
include a personal computing device 1002 and a mobile
computing device 1004.

In one embodiment, the personal computing device 1002
may include a computing device at a fixed location and may
include a physical keyboard, a display, or the like. In another
embodiment, the mobile computing device 1004 may
include a laptop computer, a tablet computer, a cellular
device, a smart phone, or the like. The mobile computing
device 1004 may be designed to operate at various locations.

In one embodiment, the personal computing device 1002
may include a local interface to a storage device and file
system. The personal computing device 1002 may operating
independent of the mobile computing device. The mobile
computing device 1004 may operate independently of the
personal computing device.

In one embodiment, the system 1000 may include a
connection point 1020 for the mobile computing device. In
one example, a user may attach the mobile computing device
1004 to the personal computing device 1002. A detection
module 140 may determine that the mobile computing
device has an increased need to use the file system. The
interface module 160 may disable the local interface for the
personal computing device 1002 and initialize the local
interface for the mobile computing device through the
connection point 1020. The mobile computing device 1004
may then share the file system to the personal computing
device 1002. In this example, the personal computing device
1002 may not recognize that the interface had changed from
the local interface to a network interface, or the like.

In another embodiment, a first operating system may
notify another operating system to take the local interface to
the file system. In response to such a notification, a detection
module 140 may determine that the other operating system
has the altered need for the file system. The altered need may
be based on the current operating system no longer having
a local interface and the other operating system need to take
the local interface so that other operating systems may
access the file system through a network interface from the
operating system that has the local interface.

In another embodiment, the personal computer 1002 may
not include a display. In this embodiment, a user may
connect the mobile device 1004 to the base of the personal
computing device 1002. The detection module 140 may
detect the connection and may switch a local interface to the
file system to the mobile computing device 1004. Further-
more, the personal computing device 1002 may display to
the display of the mobile computing device 1004. Therefore,
the mobile computing device 1004 when connected to the
base of the personal computing device 1002 may provide an
interface to the personal computing device 1002. When
disconnected from the personal computing device 1002, the
mobile computing device 1004 may display the operating
system operating executing on the mobile computing device
1004.

Embodiments may be practiced in other specific forms.
The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
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come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What is claimed is:

1. An apparatus comprising:

a processor;

a memory that stores code executable by the processor,

the code comprising:

code that determines an altered need for a file system
that is shared on two or more operating systems, the
two or more operating systems operating concur-
rently on a computing device, wherein a first oper-
ating system of the two or more operating systems
accesses the file system using a local interface and
shares the file system using a first network server of
a network interface, and a second operating system
of the two or more operating systems accesses the
file system using a first network client of the network
interface; and

code that causes the second operating system to access
the file system using the local interface and to share
the file system using a second network server of the
network interface, and causes the first operating
system to access the file system using a second
network client of the network interface based on the
altered need.

2. The apparatus of claim 1, further comprising code that
monitors power states for the two or more operating sys-
tems, wherein the altered need is based on a power state
change for one of the two or more operating systems.

3. The apparatus of claim 2, wherein power states for at
least two of the two or more operating systems are selected
from the group consisting of

the two operating systems being in an active power state,

and
one of the at least two operating systems being in an
active power state and another of the at least two
operating systems being in a sleep mode power state,
the power state change comprising the first operating
system entering the sleep mode power state.
4. The apparatus of claim 1, further comprising code that
measures a demand for the file system, wherein the altered
need is based on the demand.
5. The apparatus of claim 1, further comprising code that
suspends operations for the file system.
6. The apparatus of claim 1, wherein the two or more
operating systems operate on different processors.
7. The apparatus of claim 1, wherein the code causes the
second operating system to access the file system using the
local interface by switching a mechanical switch to discon-
nect the first operating system from the file system and
connect the second operating system to the file system.
8. A method comprising:
sharing a file system between two distinct operating
systems, the two distinct operating systems concur-
rently operating on a computing device, wherein a first
operating system of the two distinct operating systems
accesses the file system using a local interface and
shares the file system using a first network server of a
network interface, and a second operating system of the
two distinct operating systems accesses the file system
using a first network client of the network interface;

determining, by use of a processor, that one of the two
distinct operating systems has an altered need for the
file system; and

causing the second operating system to access the file

system using the local interface and to share the file
system using a second network server of the network
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interface, and causing the first operating system to
access the file system using a second network client of
the network interface based on the altered need.

9. The method of claim 8, wherein power states for the
two distinct operating systems are selected from the group
consisting of:

the two distinct operating systems being in an active
power state, and

one of the two distinct operating systems being in an
active power state and another of the two distinct
operating systems being in a sleep mode power state,

the altered need based on the first operating system
entering the sleep mode power state.

10. The method of claim 8, further comprising suspending
operations to the file system during causing the second
operating system to access the file system.

11. The method of claim 8, wherein the two distinct
operating systems operate on different processors.

12. The method of claim 8, wherein the altered need
comprises detecting an increased need to use the file system
by the second operating system.

13. The method of claim 8, wherein causing the second
operating system to access the file system comprises:

shutting down the first operating system;

taking down interfaces to the file system; and

initiating the local interface to the file system for the
second operating system.

14. A system comprising:

a storage device storing a file system;

a first operating system in communication with the stor-
age device;

a second operating system in communication with the
storage device;

a file system module that shares a local interface to the file
system between the first operating system and the
second operating system, wherein the first operating
system accesses the file system using the local interface
and shares the file system using a first network server
of a network interface, and the second operating system
accesses the file system using a first network client of
the network interface;

a detection module that determines an altered need for the
file system on one of the first and the second operating
systems; and

an interface module that causes the second operating
system to access the file system using the local inter-
face and to share the file system using a second network
server of the network interface, and causes the first
operating system to access the file system using a
second network client of the network interface based on
the altered need.

15. The system of claim 14, further comprising a power
state module that monitors power states for the first and the
second operating systems, the detection module determining
the altered need based on a power state change for one of the
first and second operating systems.

16. The system of claim 14, further comprising a demand
module that measures a demand for the file system, the
demand from one of the first and the second operating
systems, the detection module determining the altered need
based on the demand.

17. The system of claim 16, wherein the demand module
measures an increased demand for the file system on the
second operating system, and the interface module causes
the second operating system to access the file system using
the local interface in response to the demand module mea-
suring the increased demand.
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18. The system of claim 14, further comprising an error
module that monitors the first and second operating system
for errors, the altered need based on the errors.

19. The system of claim 14, further comprising an opera-
tions module that suspends operations on the file system
based on the interface module causing the second operating
system to access the file system.

20. The system of claim 14, wherein the interface module
causes the second operating system to access the file system
using the local interface by switching a mechanical switch to
disconnect the first operating system from the file system
and connect the second operating system to the file system.

21. The system of claim 14, wherein the interface module
causes the second operating system to access the file system
using the local interface based on one of the first and second
operating systems being powered down.
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